SPECIFICATION 

Title of the Invention 

Hand device for working robot 

BACKGROUND OF THE INVENTION 
This application claims the benefit of Japanese Patent 
Application Number 2003-070749 filed 03/14/2003 , the entirety 
of which is incorporated by reference. 

Field of the Invention 

The present invention relates to a hand device of a 
working robot for gripping a workpiece, and particularly, the 
hand device which includes a workpiece drop prevention means 
which operates in an emergency or the like, such as an electric 
power failure. 
Description of Related Art 

Conventionally, a hand device for working robot is known 
which comprises a workpiece drop prevention means for 
preventing a workpiece from dropping by maintaining a gripping 
state so as not to drop or displace the workpiece even if an 
electric power failure and a malfunction or a disorder of a 
driving system occurs while the workpiece is delivered or 
reversed. As one of such apparatus, for example, Japanese 
Patent publication of unexamined application No. 06-114778 
discloses a workpiece drop prevention means of a robot hand 
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comprising a chuck arm for gripping a workpiece from both 
lateral sides using the linear movement along a guide member, 
a chuck cylinder for driving the gripping movement of the chuck 
arm, a rail for lock having one end connected to the guide 
member and the other end connected, to an eccentric cam, and 
a lock cylinder for locking the rail for lock by a rotation 
of the eccentric cam for lock in order to prevent the rail 
for lock from moving to the outside. 

Under the condition that the hand is gripping a workpiece, 
the major axis of the eccentric cam rotates in the direction 
of the rail for lock by means of the lock cylinder, so that 
the periphery of the major axis attaches to the rail for lock 
to engage with the same. Thus, in this robot hand, even in 
an emergency where the gripping force of the chuck arm is 
decreased by a chuck cylinder, a movement of the chuck cylinder 
to open outward makes the rotating diameter of the eccentric 
cam larger. Whereby, a locking state is strengthened to stop 
the chuck cylinder, so that a workpiece can be prevented from 
dropping . 

However, in a robot hand in the above, as the periphery 
of the major axis and the rail for lock are engaged every time 
a workpiece is gripped, a dent or a scar easily occurs at a 
portion where the periphery and the rail attach each other. 
As a result, the length of the major axis of the eccentric 
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cam which is a diameter of rotation comes inconsistent. This 
causes a change of a rotating torque that is pressing force 
applied to the attaching portions . Under such circumstances , 
a controlling means for fine adjustment of an elasticity of 
the lock cylinder is needed in order to keep the pressing force 
of the eccentric cam applied to the rail for lock within a 
desirable value* Thus, a configuration of the workpiece drop 
prevention means becomes complicated. 

Further, with this robot hand, a workpiece is gripped 
by a linear movement of a chuck arm along the guide member* 
Thus , the length of the guide member should be secured to be 
longer than the width of grip portion of the workpiece, which 
makes it impossible to downsize the guide member less than 
the width of the grip portion of the workpiece. Moreover, 
since an eccentric cam and a rail for lock are engaged by friction , 
the chuck arm could not always be stopped due to a stain on 
an attaching portion or abrasion during the elapsed time. 
Therefore, there is a problem that the reliability of a 
workpiece drop -prevent ion function could be lowered. 

Considering the above problems , the object of the present 
invention is to provide a hand device for working robot which 
can be downsized including a workpiece drop prevention means 
with a simple configuration and further enabling to improve 
reliability of a workpiece drop preventing function. 
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SUMMARY OF THE INVENTION 

According to a first aspect of the present invention, 
there is provided a hand device for working robot comprising 
a grip capable of gripping or releasing a workpiece, a movable 
body provided on a driving base so as to extend or retract 
by a driving means, a link means for linking an extending or 
retracting movement of the movable body with a gripping or 
releasing movement of the grip, and a workpiece drop prevention 
means for preventing a workpiece from dropping by attaching 
to the movable body and stopping the releasing movement of 
the grip when the driving means is stopped. The workpiece 
drop prevention means further comprises a protrusion stick 
with a tapered tip, a support rail supporting the protrusion 
stick so that the protrusion stick can slide between a 
protrusion position where the protrusion stick abuts on the 
movable body and a recess position, a momentum means for pushing 
the protrusion stick supported by the support rail at the 
protrusion position, and a holding means for holding the 
protrusion stick at the recess position resisting against the 
pushing of the momentum means in a normal state and releasing 
the protrusion stick when the driving means is stopped 
operating. Here, "when a driving means is stopped operating" 
includes not only the time when a performance of the driving 
means totally stops, but the time when a performance of the 
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driving means is lowering before a complete stop thereof. 

According to a second aspect of the present invention, 
there is provided a hand device for working robot, wherein 
the holding means controls gripping and releasing the 
protrusion stick by the driving means of the movable body. 

According to a third aspect of the present invention, 
there is provided a hand device for working robot, wherein 
the grip has at least a pair of fingers mounted pivotally on 
the gripping base. Here, movement of gripping and releasing 
the workpiece are performed from both lateral sides of the 
workpiece by rotating the fingers around a pivot axis. 

According to a fourth aspect of the present invention, 
there is provided a hand device for working robot, wherein 
the link means includes a lever protruding from the base of 
the fingers and a connecting pad for connecting the lever and 
the movable body. Then an extending and retracting movement 
of the movable body is linked with a rotating movement of the 
fingers . 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a schematic view of a working robot having 
a workpiece gripping device according to the present 
invention. 

Fig. 2 is a front view of a workpiece gripping device. 
Fig. 3 is a back view of a link means of a workpiece 
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gripping device, which includes a partially cutaway sectional 
view . 

Fig. 4 shows a cross -sectional view taken along a line 
A-A in Fig. 2. 

Fig. 5 shows a major part sectional view taken along a 
line B-B in Fig. 2, especially for showing a workpiece drop 
prevention means. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

An embodiment of the present invention will be described 
below based on figures. Figs. 1-5 shows an embodiment of a 
hand device for working robot hand (hereinafter, simply 
referred to as a robot hand) according to the present invention . 
A robot hand 10 is preferably used as an element of a working 
robot which is configured for corresponding to operations, 
for example, taking out a workpiece W from a frame which is 
formed by a forming machine, such as a die cast machine, to 
transfer the same to a certain position of the next process, 
and inverting the workpiece W. In these operations , the robot 
hand functions as gripping device for gripping the workpiece 
W. 

Referring to Fig. 1, a working robot 5 includes a base 
6 provided so as to rotate horizontally and a movable arm 7 
which is articulated and protruding from the top of the base 
6. A robot hand 10 is provided at the top of the movable arm 
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7. The base 6 houses an air pump 17 which is connected to 
the robot hand 10 through a supply tube 18 which is foldable. 
The air pump 17 is configured so as to supply driving air to 
the robot hand 10. 

The movable arm 7 is consisted of a first arm portion 
11 and a second arm portion 12. The first arm portion 11 has 
a bottom end connected to the base 6 with a first joint 13 
so that the first arm portion can swing in a vertical direction 
with the first joint 13 as a fulcrum. A top end of the first 
arm portion 11 is connected to a bottom end of the second arm 
portion 12 with a second joint 14 so that the second arm can 
swing in a vertical direction with the second joint 14 as a 
fulcrum. The robot hand 10 is provided with the top end of 
the second arm 12 with a third joint 15. The robot hand 10 
can rotate pivotally around an axis thereof as well as swing 
along an arbitrary plane on the axis with the third joint 15 
as a fulcrum. 

As shown in Figs. 2-5, the robot hand 10 includes a hand 
base 20 provided with the third joint 15 and a pair of fingers 
21, 21 as a grip protruding from the hand base 20 so as to 
grip or release aworkpiece Wf rom both lateral sides . Further, 
at the center of the hand base 20, an air cylinder for grip 
23 is provided for operating gripping or opening movement of 
the fingers 21, 21. 
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The air cylinder 23 for grip includes a cylinder 24 as 
a driving base and a movable core 25 as a movable body provided 
with the cylinder 24 so as to extend or retract by the air 
pump 17 as a driving means. The cylinder 24 is fixed on the 
hand base 20. The movable core 25 gradually moves to the 
maximum extending position PI in which the moving distance 
is the length in a normal state, when supply of driving air 
is stopped* 

The hand base 20 includes two bottom end axes 27, 27 
which function as a bearing for the fingers 21,21 respectively 
at both lateral sides of the movable core 25 of the air cylinder 
for grip 23. Each finger 21 is curved toward the center each 
other. On the bottom end of the fingers 21, 21, an axis hole 
for fingers 29 is provided to which the base axis 27 is pivotally 
mounted. Thus, the fingers 21, 21 are mounted on a hand base 
20 so as to rotate around a pivot axis, that is, rotating in 
the gripping and releasing direction. 

Each of the opposed fingers 21, 21 has a block nail 31 
protruding from the inside respectively at the top and the 
middle in order to concentrate a gripping force when aworkpiece 
is gripped. Alinkmeans 40 for linking extending or retracting 
movement of the air cylinder for grip 23 with gripping or 
releasing movement of the fingers 21, 21 is provided between 
the air cylinder for grip 23 and the fingers 21, 21. 

8 



The link means 40 is constituted from a lever 33 
protruding from the base of the fingers 21,21 and a connecting 
pad 43 for connecting the lever and a movable core 25 of the 
air cylinder for grip 23. The lever 33 protrudes toward the 
third joint 15 such that an extending or retracting force of 
the air cylinder for grip 23 is transferred to the fingers 
21, 21. An axis hole for lever 41 is provided at the end of 
the lever 33. The connecting pad 43 connects the axis hole 
for lever 41 and an axis hole for movable body 42 provided 
at the top of the movable core 25. 

The link means 40 links an extending and retracting 
movement of the movable core 25 of the air cylinder for grip 
23 with a rotating movement of the fingers 21, 21. That is, 
by means of the air cylinder for grip 23 using the link means 
40, the fingers 21 , 21 perform a gripping movement for reducing 
a gap between the fingers when the movable core 25 retracts. 
On the other hand, the fingers 21, 21 perform a releasing 
movement for enlarging a gap between the same when the movable 
core 2 5 extends . 

Moreover, a workpiece drop prevention means 60 is 
provided with the hand base 20 . The workpiece drop prevention 
means protrudes the protrusion stick 50 by a momentum force 
of the momentum means when the air pump 17 is stopped. Then, 
the protrusion stick 50 abuts on the movable core 25 to limit 
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an extending movement of the movable body 25 , whereby a gripping 
state of the workpiece W is maintained since an opening movement 
of the fingers 21, 21 is stopped using linking means 40. As 
a result, a drop or an unstable grip of the workpiece can be 
prevented. 

The elements included in the workpiece drop prevention 
means 60 will be explained below. It has a protrusion stick 
50 with a tapered tip and a supporting rail 51 which supports 
the protrusion stick 50 so that the protrusion stick 50 can 
slide smoothly between a protrusion position Ql and a recess 
position Q2 in protruding and recessing directions . It should 
be noted that at the protrusion position Ql the movable core 
25 abuts on the protrusion stick 50. In addition, it has two 
coil springs 52, 52 as a momentum means for supplying momentum 
with the protrusion stick 50 for protruding to the protrusion 
position Ql. Lastly, it has an air cylinder for recess 53 
as a holding means for holding the protrusion stick 50 recessed 
at the recess position Q2 resisting the momentum toward a 
protruding direction of the coil springs 52, 52 in a normal 
state, and for releasing a holding of the protrusion stick 
50 when the air pump 17 is stopped. The above elements are 
all housed in a frame 8 fixed in the lateral side of the hand 
base 20. The air cylinder for recess 53 is connected with 
a branch pipe (not shown) forked from a supply tube 18 so that 
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a grip and release of the protrusion stick 50 can be driven 
by an driving system which is the same as that of the air pump 
17 which drives the movable core 25. 

A top portion 50a of the protrusion stick 50 is a plate 
whose cross section perpendicular to the protruding direction 
is vertically long rectangular shape. Moreover, an extreme 
tip of the top portion 50a is tapered. At a tip of the movable 
core 25 of the above-mentioned air cylinder 23 for grip, an 
attaching portion 26 is provided having an inclination 
corresponding to the tapered angle of the top portion 50a of 
the protrusion stick 50. The air cylinder for recess 53 is 
constituted from a cylinder 54 which is fixed to the frame 
8 and a movable core 55 provided with the cylinder 54 so that 
the movable core can extend or retract. The movable core 55 
is configured so that it immediately moves from a recess portion 
R2 to the maximum retracting portion Rl in which the moving 
distance is the length in a normal state when supply of driving 
air is stopped . 

At the bottom end of the protrusion stick 50, an engage 
slip 56 for engaging the movable core 55 of the air cylinder 
for recess 53 is provided. Each of the coil springs 52, 52 
has one end fixed in the frame 8 and the other end fixed in 
the outer side of the protrusion stick 50 so that the coil 
springs are positioned at both outer sides of the protrusion 
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stick 50. The supporting rail 51 is provided at a position 
where the protrusion stick 50 supported by the supporting rail 
51 protrudes in a direction perpendicularly to the extending 
or retracting direction of the movable core 25 of the air 
cylinder for grip 23. Moreover, the supporting rail 51 is 
provided at a position where the top portion 50a abuts on the 
abutting portion 26 when the protrusion stick 50 protrudes, 
so that an extending movement of the movable core 25 is 
prevented. 

In a working robot 5 comprising the robot hand 10 
including the above-mentioned configuration, a movement of 
transferring the workpiece W and operation of the workpiece 
drop prevention means 60 will be described below. When the 
workpiece drop prevention means 60 is not operated, the air 
cylinder for recess 53 continues extending movement by means 
of driving air supplied from the air cylinder 17. Then the 
engage slip 56 is pressed to the recessing direction reducing 
the momentum of protruding direction in spite of a resistance 
of the coil springs 52, 52. Whereby, the protrusion stick 
50 is held at the recess position Q2 . At this time, the 
protrusion stick 50 is housed in the frame 8. With such a 
state , the air cylinder for grip 23 can freely extend or retract 
by means of a control device (not shown) , thereby linking the 
fingers 21, 21 using linking means 40 . As a result, the fingers 
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21, 21 of the robot hand 10 can grip or release the workpiece 
W. 

When the movable arm 7 is controlled, the robot hand 
10 moves to a workpiece to be transferred. Then the movable 
core 25 of the air cylinder for grip 23 is retracted, which 
enables the fingers 21, 21 to grip a workpiece W. The gripped 
workpiece W is transferred to a predetermined position for 
the next process inverting in a predetermined direction by 
a vertical movement of the movable arm 7, a turning movement 
of the robot hand 10, and horizontal rotating movement of the 
base 6, Then the fingers 21, 21 open to release the workpiece 
by an extending movement of the movable core 25 of the robot 
hand 10. Thus, the process of transferring the workpiece W 
is finished. 

When an emergency happens unexpectedly during the 
process of transferring a workpiece, for example, supply of 
driving air is stopped from the air pump 17 to robot hand 10, 
or a pressure of driving air is reduced by a malfunction of 
the air pump 17 or the supply tube 18, the workpiece drop 
prevention means 60 operates to release the protrusion stick 
50 held by the coil springs 52, 52. At this time, the movable 
core 25 of the air cylinder for grip 23 is gradually extending 
as if it returned from the grip position P2 to the maximum 
extending position PI in which the moving distance is the length 
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in a normal state . Then the gripping force toward the workpiece 
W by the fingers 21 , 21 starts to decrease since the fingers 
21 , 21 are connected to the movable core 25 using linking means 
40 . It should be noted that in a normal state of the workpiece 
drop prevention means 60, the movable core 55 of the air cylinder 
for recess 53 extends in the direction that opposes the momentum 
in spite of a resistance of the coil springs 52, 52. However, 
in the emergency described above, the movable core 55 of the 
air cylinder for recess 53 immediately retracts as if it 
returned from the recess portion R2 to the maximum retracting 
position Rl in which the moving distance is the length in a 
normal state because the movable core 55 releases the grip 
of the protrusion stick 50 when the air pump 17 stops. 

By this retracting, the momentum of the coil springs 
52, 52 is released and the tapered top portion 50a of the 
protrusion stick 50 protrudes from recess portion Q2 to 
protrusion position Ql in order to attach the attaching portion 
26 of the tip of the air cylinder for grip 23 before the gripping 
force toward the workpiece W is decreased. Due to this 
protrusion movement of the protrusion stick 50, the movable 
core 25 of the air cylinder for grip 23 attached to the protrusion 
stick 50 cannot further extend, whereby, the fingers 21, 21 
which are linked with the movable core 25 stop releasing 
movement. As a result, the robot hand 10 maintains gripping 
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the workpiece and a workpiece drop is prevented. 

With this robot hand 10, a momentum of the coil springs 
52 , 52 is used for simplifying a configuration of the workpiece 
drop prevention means 60. Also, a move of the movable core 
25 is prevented without fail regardless of wear or stain of 
the top portion 50a of the protrusion stick 50, Therefore, 
reliability of a drop preventing function of the workpiece 
drop prevention means 60 is improved. 

Further, holding and releasing the protrusion stick 50 
by the air cylinder for recess 53 can be driven by a driving 
system which is the same as the air pump 17 which drives the 
movable body 25 . Consequently, when the air pump 17 is stopped 
in an emergency such as an electric power failure, releasing 
movement is stopped before a gripping force toward a workpiece 
W is decreased, thereby retaining the grip for the workpiece 
W. As a result, a workpiece drop can be prevented without 
fail. 

Further, a top portion 50a of the protrusion stick 50 
is formed to be tapered and the attaching portion 26 
corresponding to the tapered angle of the top portion 50a is 
provided at the top of the movable body 25. Whereby, the 
momentum for the protrusion stick 50 is distributed to the 
retracting direction of the movable body 25 and when a workpiece 
drop prevention means 60 is operated, a workpiece gripping 
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force by the fingers 21,21 can be further improved. Moreover, 
the momentum distributed in the retracting direction of the 
movable body 25 can be converted to a suitable gripping force 
according to the angle of a tapered tip. 

Also, a grip is consisted of a pair of fingers 21, 21 
pivotally engaged to the hand base 20, and a gripping and 
releasing movement is performed at both lateral sides of the 
workpiece by rotating the fingers 21, 21 about the pivot axis. 
By doing this , the hand base 20 can be made more compact because 
the width of a workpiece gripping portion is narrower than 
that of a pivot axis portion. As a result , the overall size 
of a robot hand can be more compact compared with the 
conventional ones . 

The link means 40 is configured so that a lever 33 of 
the fingers 21, 21 and the tip of the movable body 25 are 
connected using the connecting pad 43. With this 
configuration, a necessary moving area of the lever 33 for 
rotating pivotally can be smaller by shortening the length 
of the lever 33 which protrudes from the base. Moreover, due 
to leverage, the extending or retracting distance of the 
movable body 25 of the air cylinder for grip 23 can be shortened 
while the fingers 21, 21 gain a large gripping force. Thus, 
the overall size of the robot hand 10 can be downsized because 
the link means 40 's moving area can be smaller. 
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The above description of the embodiment of the present 
invention has in no way been provided for the purpose of limiting 
the present invention , and it is of course possible to diversely 
embody the present invention by changing the figure or 
configuration within the scope not departing from the essential 
points of the present invention as described before. 

(1) This invention is not limited to the robot hand 10, and 
may be used in other workpiece gripping apparatus for 
processing device or transfer device. 

(2) A driving means and gripping means are not limited to the 
air cylinder, and a hydraulic cylinder or a solenoid may be 
used. 

(3) The top portion 50a of the protrusion stick 50 may have 
a cylinder whose cross section perpendicular to the protruding 
direction is a circle, or a polygonal pillar whose cross section 
perpendicular to the protruding direction is square or triangle 
or hexagon etc. , and each extreme tip of the above is tapered. 

( 4 ) The movable body provided with the driving base is not 
limited to the movable core 25 provided with the cylinder 24, 
and may be configured with a rack driven by a pinion. 

(5) The gripping means is not limited to the movable core 55 
provided with the cylinder 54, and may be configured with a 
rack driven by a pinion. 

(6) The fingers 21, 21 are not limited one pair, and may be 
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plural pairs as long as the workpiece is gripped from both 
lateral sides . 

(7) The shape of the fingers 21, 21 can be diversely shaped 
such as an oblong plate as long as it corresponds to the shape 
of a workpiece to be gripped. 

(8) The workpiece drop prevention means 60 may operate not 
only in an emergency such as the time when the air pump 17 
is stopped, but in an arbitrary situation. For example, a 
user can operate an operation switch, in arbitrary occasions, 
by providing the operation switch between an air pump 17 and 
a robot hand 10. 

(9) The momentum means is not limited to a coil spring 52 and 
may be other elastic body such as a plate spring. In addition, 
the number of momentum means is not limited to two or other 
numbers, for example one or three, is acceptable. 

(10) The working robot 5 is provided with a machine tool such 
as a machining center . It may be used , for example , to transfer 
a workpiece from a certain position of the previous process 
to a certain position of the next process. 

As described above, according to a first aspect of the 
present invention, the configuration of a workpiece drop 
prevention means can be simplified. Moreover, extending of 
the movable body can be prevented without fail. Therefore, 
reliability of the drop -prevent ion function of the workpiece 
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drop prevention means can be improved. 

According to a second aspect of the present invention, 
when the driving means is stopped in emergency such as an 
electric power failure, a workpiece drop prevention means is 
operated as soon as a gripping force toward the workpiece W 
starts to decrease. Consequently, the releasing operation 
of the workpiece drop prevention means is stopped before the 
gripping force decreases. As a result, the robot hand 10 
retains a grip of the workpiece and a workpiece drop is prevented 
without fail. 

According to a third aspect of the present invention, 
the width of a workpiece gripping portion can be narrower than 
that of a pivot axis portion, so that a gripping base can be 
made more compact. As a result, the overall size of a robot 
hand can be smaller compared with the conventional ones. 

According to a fourth aspect of the present invention, 
a necessary moving area of the lever for rotating pivotally 
can be smaller by shortening the length of the lever which 
protrudes from the base. Moreover, the extending or 
retracting distance of the movable body can be shortened while 
the fingers 21, 21 gain a large gripping force. Thus, the 
overall size of a workpiece gripping device can be downsized 
with a small moving area of the link means . 
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